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Hopwood and Chalmers, and the work of Aebersold had already resulted in Dr. J. H.
Lawrence having been able to start work on neutrons for medical and biological purposes in 1938, but there was only one cyclotron available and it was of rather low power, 8 million electron volts (M.e.v.). There were so many physical questions requiring solution too that there was little time for the use of the cyclotron by medical men and no possibility for continuous researjh. Also there were frequent breakdowns in the cyclotron itself. In 1939 a new cyclotron to be used for medical and biological purposes was finished. The maximum energy of the neutrons from this was 21 M.e.v. A giant cyclotron to deliver energies of 100 M.e.v. was under construction and was due to have been completed this year, but that will probably be mainly for physical work. It is in fact in use at the present time. Since September 1938 Drs. Robert S. Stone and John C. Larken have been working with this 21 M.e.v. cyclotron measuring quantity by a special unit which they call a neutron roentgen (N) and which is probably equal in biological efect to 6 r of X-rays, as judged by the threshold skin reaction. They come to the conclusion, working only on advanced cases, that the effect ofneutrons is such as to encourage further study in selected cases. These results will, of course, have to be confirmed and much more work requires to be done, and is being done, on these and other lines.
In artificial radio-activity, the use of labelled atoms, which can be detected and measured by their radio-activity was obviously going to be of great importance to physiologists and others. The employment of this in plant physiology is demonstrated by this autogram of radio-active phosphorus on a tomato plant. It is seen that the radiophosphorus is deposited in the pulp and to a much greater extent in the unripe seeds: the ripe seeds, however, contain none. Radioactive hydrogen in a drop of water dropped on a leaf can be traced into the vascular system of a plant, showing both the fact and the path of its absorption.
Obviously there are very many problems awaiting solution by this means in plant physiology and pathology but they are at least equalled by those capable of solution in animal and human physiology and pathology. Some of this work has already been started in the U.S.A., but.probably the'war has interfeted with it.
Induced radio-activity also has a use in radiotherapy. If a certain radio-activated atom were deposited in some particular tissue there was the possibility of getting a much bigger dose of radiations to this tissue with only a minimal effect on other tissues. Examples of this are being tried, such as the use of radio-active iodine in the treatment of hyperthyroidism and that of radio-active phosphorus in the treatment of leukaemia. In the first case the iodine is deposited in the thyroid selectively and to more than double this amount in DEC.-RAD. 1 .r I CP10r %7tI i e, ,thyrotoxic cases. A heavy homologue of iodine, element 85, is also a possible remedy for hyperthyroidism in view of the firmer combination it forms in the thyroid tissue. The uptake of radio-iodine and element 85 in other tissues was less than 1 % of their concentration in the thyroid - (Joseph G. Hamilton, Radiology, 39, No. 5, 441) .
Low-Beer, J. H. Lawrence, and Stone have worked with other radio-active isotopes. It has been found that radio-phosphorus is deposited selectively in bone, bone-marrow, leukaemia tissue, neoplastic tissue and any rapidly growing tissue. Owing to the short life of radio-active phosphorus and radio-active iodine, these substances have not the dangers of the injection of radium and of thorium salts. In view of the distribution of the activated phosphorus it was evident that it must be tried in leukL-mia and some of the other reticulo-endothelial diseases. While it is too soon to assess their value relatively to X-ray and tadium treatments, the authors say: "In the treatment of chronic myelogenous leukaemia, chronic lymphatic leukaemia, and lymphosarcoma, some remarkable response* have been obtained and some unsatisfactory ones'with widely varying methods of dosage." Good results have also been obtainec in this group with polycythaemia vera. In any new treatment the question of dosage is always a difficult problem: big or small doses, frequency and interval of administration and duration of treatment. It will be a long time before these factors can be worked out. Radio-active strontium is selectively deposited in bone and its value in the treatment of neoplastic diseases of bone is being investigated; activated calcium is unsuitable, because of the small amount formed and its short life.
Activated chromic phosphate is also being investigated in the treatment of neoplastic diseases.
There must be a vast field for the use of these and other artificially radio-activated substances. It is quite possible that they may become available for other purposes, such as the local application of a very short-lived radiation by injection into the tissues or even by external application of radiations of different wave-lengths.
An X-ray apparatus of the compressed-air-insulated electrostatic type is already in use in the United States generating 3,000 kV. and the physical characteristics at this voltage have been worked out (Trump and Cloud, Amer. J. Roent., 49, No. 4) . The clinical stage is, of course, only in its infancy, and it is to be hoped that it will be worked out with the same care with which Mr. Ralph Phillips has worked out the clinical results of our million-volt apparatus at St. Bartholomew's Hospital. The next invention that has emerged during the war is that of the betatron. A device somewhat similar to the cyclotron has been developed by Dr. Kerst of Illinois University, which will produce very high-speed electrons and thus very shortwave-length X-rays.
Five million and twenty million volts have already been obtained and a betatron to give one hundred million volts has been constructed. Its radiations are now undergoing investigation. The whole machine is extraordinarily compact in view of its output, and with the improvements resulting from shortened wave-lengths there is no question that these ultra-voltage or mega-voltage X-rays have got to be tried in the human being after suitable experimental work on animals. Depth doses for 5, 10, 15, and 20 million volts have been worked out by Koch, Kerst and Morrison. The most striking difference is that with increasing voltage the maximum ionization occurs further and further from the surface, so that the point of maximum 'dose is as much asi 3 or 4 cm. 'deep and this maximum can be several times greater than the surface dose. Thus the limitations imposed by damage to the skin and subcuta'neous tissues will be much diminished, although there will probably be other difficulties to take their place. In the case of the 20 M.e.v. betatron the maximum intensity of irradiation is at 3,cm. from the surface and is more than three times the surface dose. No doubt with the 100 M.e.v. betatron we\ shall obtain some other extraordinary features, in fact -we may have td consider the-exit port of the rays as more important than the inlet for with the 20 M.e.v. the dose at 1' cm. is still 225% 6f the surface dose. (Fig. 1.) At 20 M.e.v., however, we shall get artificial radio-activity which may be either an advantage or a disadvantage; we shall also get some degree of neutron formation. At 100 M.e.v. both will be much more marked. Thus it is evident that the path of the investigators will be beset with unforseeable difficulties which can only be indicated by animal experiment, especially when we realize tha,t all elements can be made radio-active. Most of the elejnents activated have only very short half-value periods. At their threshold their production is nminimal, at higher voltages it increases. These facts may save us.
Both with the cyclotron and the betatron the radio-active elements produced can and will be used at a distance from the machihe; sometimes a great advantage. It is of the grqitest importance to the patient that the control of these remain in the hands of an expert, who must be a doctor with radiological training.
Problems of protection will undoubtedly arise, bu.t to a certain extent they are assisted Section of Radiology 51 by the rays tending to go in the same direction as the electrons which are flowing out of the betatron and to be a relatively narrow beam in the direction of their projection, also almost all the scatter is forward. It may bee possible further to control the beam by -controlling the electrons with magnets after their emergence from the betatron and to get the same type of effects which one can with ;a lens, only converting them into X-rays when one is ready to do so. How much such a suggestion is feasible I do not know.
It is now several years since Spear discovered that by suitably adjusting the time relationship between doses it was possible to get results in cultures with doses that were very much smaller than those ordinarily used to produce the same effect, and ever since then I have urged that the time factor for the treatment of malignant disease should be ascertained to see if -we could not here get some results by a specl time-distribution of doses.
We should also like to hear something about combined X-ray and stilboestrol treatment.
CM. OF WATER

FIG. 1.
Experimental results referred to surface dose. Target-to-surface distance 45 cm. (From Radiology, 1943, fig. 4, 40, 124.) Dr. Frank Ellis: There is an electrostlatic type of generator scheduled to provide 3 million volts in process of erection at present by Grimmet at the Hammersmith Post-Graduate Hospital. There are I think, two cyclotrons in this country. One at the Cavendish Laboratory and one in the care of Professor Chadwick at Liverpool. The use of the cyclotron opens up certain possibilities of importance. It is most used, of course, for producing artificially radio-active isotopes. It seems possible that radio-active phosphorus, usecd so far in treating leukwmia in San Francisco and having a relatively long half-value period, about fifteen days, may be of value in treating cancer because the phosphorus may be deposited in the nucleus of cells since nucleoproteins contain phosphorus. If this turned out to be the case, the radiation would be available at the most vulnerable spot of the malign-ant cells. The more rapid division of the malignant cells suggests that they would take up relatively more of the phosphorus than most normal cells, although rapidly dividing normal cells would also be vulnerable.
The possibility of undesirable genetic effects resultingin gene mutations in the reproductive cells must be borne in mind as a possible effect of therapy by artificially radioactive substances.
Proceedings of the Royal Sociy of Mediinre
A point on which Dr. Finzi did not touch but which seems to be of considerable importance in future development is the possibility of using electrons instead of X-rays from the betatron. Everything depends of course on whether it is possible to get the electrons out of the betatron, though I believe this has been achieved. The intriguing possibility emerges of being able, if a parallel beam of electrons can be obtained, of choosing the voltage of the electrons so that they are absorbed at the requisite depth with little or no absorption elsewhere. The 99-9% waste of electron energy associated with the production of X-rays would in this case be avoided and the dosage of normal tissues might be reduced to a minimum. Careful control -of dosage would be necessary but not impossible. Exposures would probably be of the order'of secon'ds 6or-even frac-' tions of a second.
I should like to ask Professor' Mayneord if the production of X-rays from electron therapy need be considered seriously. Assuming that an electron dose equivalent to 6,000 r X-rays were used, we should have only abOut of this, i.e. 6 r6ntgelis transformed into X-rays. The volume dose from this even if the "target" from which they were produced was tungsten would be very small. As the target is composed mostly of small atomic number elements such as calcium, carbon, oxygen and hydrogen, the "quality" of the X-rays will be such that apart from the high generating voltage they may not be very penetrating. In any case the quantity, ap suggested above, would seem likely to be small. Professor W. V. Mayneord: Dr. Ellis's argument is based on the presumption that the method of loss of energy of an electron is the same at the very high energies under consideration as at relatively low voltages. This however is not in accordance with the modern theory of such very fast electrons. If the energy of the particle is of the order of 100 million electron-volts practically the whole of the loss of energy of the electron will be by radiation even in materials of as small -atomic number as air and water. This energy would be expected to be lost in emission of relatively large quanta, of the order of the electron itself. There is to be expected a critical energy (about 10 million volts for lead and 100 million volts for air and water) above which electrons would lose energy almost completely by radiation.
Dr. George 0. Binnie: Dr. Finzi has asked for information on the combined X-ray and stilbcestrol treatment of carcinoma of the prostate. I have no experience of this but I have been treating other tumours by the combined method and by stilbcestrol alone and my present impressions are that some tumours, e.g. certain carcinomas of the breast, will regress with stilboestrol alone, an exceptional one being apparently cured. Other tumours, e.g. carcinoma of the bladder and lung metastases from carcinoma of the breast, may regress if a combined method of treatment is used. In a third class of tumour, e.g. carcinoma of the rectum and colon, the combined method causes no immediate appreciable change in the size.
My investigations have been repeatedly interrupted by breakdowns in the therapy apparatus owing to difficulties caused by the war, so I have to regard my results as inconclusive. Time may be an important factor, six months or more may be required where the combined method is used.
Dr. Finzi (in reply to Dr. Ellis): Fast electrons have been tried in the past, but so far have met with no success. Their effect is destructive and not selective, so that although an intense local effect is produced it is only that of a cautery. The great advantage of -X-rays is that the same dose has a greater effect on the disease than on the normal tissues.
